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(54) Optical device for an optical element and apparatus employing the device 



(57) An optical device for an optical element to con- 
trol a light path for emission light emitted externally from 
the optical element or incident light entered externally 
from the optical element, which includes a light reflecting 
member, a resin member covering a light reflection sur- 
face of the light reflecting member, and a bumper mem- 
ber interposed between the light reflecting member and 
the resin member. The resin member is provided with a • 



boundary surface for almost totally reflecting light devi- 
ated from a predetennined region in front of the optica! 
element, and the boundary surface of the resin member 
or the light reflecting member is disposed so that light 
deviating from the predetennined region in front of the 
optical element and passing between the optical ele- 
ment and external to the optical device is reflected more 
than once off of each of the boundary surface and the 
light reflecting member. 
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Description 

[0001] This invention relates an optical device includ- 
ing a light reflecting member having a concave surface 
and a mold resin sealing at least a concave surface of 
the light reflecting member, which seals or is coupled 
with an optical element, such as a light emitting element 
including a light emitting diode (LED) or a semiconduc- 
tor laser (LD) or a light receiving element including a 
photo diode, and more particularly to an improved opti- 
cal device for preventing any cracking of the resin at a 
thinned portion thereof. 

[0002] There Is well known a light emitting apparatus 
in which a light emitting element chip such as a light 
emitting diode is sealed by a mold resin. Light emitted 
from the light emitting element chip to its front is emitted 
as it is from the light emitting apparatus, but the light 
emitted in a diagonal direction from the light emitting el- 
ement chip is totally reflected by a boundary surface of 
the mold resin or scattered by an inner wall of a housing, 
thus resulting in decreased light, thereby deteriorating 
the efficiency of light use. 

[0003] Accordingly, as shown in Fig. 26, there has 
been heretofore proposed a light emitting apparatus 
having a good efficiency for outwardly emitting the light 
emitted from a light emitting element in a diagonal di- 
rection, 

[0004] The conventional light emitting element of Fig. 
26 includes a light emitting element chip 101 , a trans- 
parent glass substrate 1 02, lead frames 1 03 and 1 04, a 
bonding wire 105, a light reflecting member 106, and a 
mold resin 108 made of an optically transparent resin. 
Lead frames 103 and 104 are disposed on a rear wall 
of the transparent glass substrate 1 02, and the light 
emitting element chip 1 01 is mounted on a rear surface 
of the lead frame 1 03 to be connected with the lead 
frame 104 by the bonding wire 105. A reflection surface 
107 of the light reflecting member 106 is fomied as a 
polyhedron by plural flat surfaces. 
[0005] In this conventional light emitting apparatus, 
light is emitted backside from the light emitting element 
chip 101 to be reflected by the reflection surface 107 
and emitted forward through the resin mold 108 and the 
transparent glass substrate 102. In particular, light emit- 
ted from the light emitting element chip 1 01 in a diagonal 
direction is reflected back by the reflection surface 107 
to be emitted forward through the resin mold 108 and 
the transparent glass substrate 102, thereby improving 
the light use efficiency. When a light receiving element 
chip such as a photodiode Is employed instead of the 
light emitting element chip 101 to receive incident light, 
a light receiving module having a good efficiency is pro- 
vided. 

[0006] The conventional light emitting apparatus, 
however, has the disadvantages that light reflected by 
the light reflecting member is obstructed by the light 
emitting element chip and the lead frame when it is emit- 
ted forward, thereby producing shadows of these com- 



ponents and deteriorating the advantage of utilization of 
light near the optical axis center where quantity of light 
should be provided the best. 

[0007] Furthermore, because of the darkness near 
5 the optical axis' center in the directional pattern of light 
emitted by the light emitting apparatus, its appearance 
is bad as a light source for display, and is difficult to see 
the correct display. 

[0008] In addition, when the light emitting apparatus 

^0 is used at a place of intense temperature change, 
stresses are concentrated near a boundary surface of 
the light reflecting member and the mold resin because 
of a difference in the coefficients of thermal expansion 
of the light reflecting member and the mold resin, there- 

^5 by causing cracks in the mold resin. 

[0009] It is, therefore, a primary object of this inven- 
tion to provide an optical device having a predetemiined 
directional pattern and a structure for preventing cracks, 
which is designed to be coupled with a light emitting el- 

20 ement, such as a light emitting element chip or a light 
emitting element module sealing the light emitting ele- 
ment chip in a mold resin, or a light receiving element, 
such as a light receiving element chip or a light receiving 
element module sealing the light receiving element chip 

25 in a mold resin, by sealing or assembling the same. 
[0010] It is a further object of this invention to provide 
an optical device including a mold resin and a light re- 
flecting member sealed by the mold resin to be coupled 
with an optical element of a light emitting element or a 

30 light receiving element. 

[0011] It is still further object of this invention to pro- 
vide an optical apparatus including a plurality of optical 
devices each having a mold resin and a light reflecting 
member sealed by the mold resin to be coupled with an 

55 optical element of a light emitting element or a light re- 
ceiving element. 

[0012] According to a first aspect of this invention, 
there is provided an optical device for an optical element 
to control a light path of the emission light externally 

40 emitted from the optical element or incident light enter- 
ing from the outside to the optical element, which in- 
cludes a light reflecting member, a resin member cov- 
ering at least a light reflection surface of the light reflect- 
ing member, and a bumper member interposed between 

45 the light reflecting member and the resin member, the 
resin member including a boundary surface for almost 
totally reflecting light deviated from a predetermined re- 
gion in front of the optica! element, the boundary surface 
of the resin member or the light reflecting member being 

50 so disposed that light deviating from the predetemiined 
region in front of the optical element and passing be- 
tween the optical element and an external of the optical 
device Is reflected more than once with each of the 
boundary surface and the light reflecting member. The 

55 resin membermayfurtherlncludea lens portion for emit- 
ting or collecting light reaching the predetermined region 
in front of the optical element. 
[0013] The bumper member may be disposed on a 
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portion subject to concentrated stresses produced by 
thethemial expansion or shrinkage of the light reflecting 
member and the resin member. 
[0014] Thus constructed optical device may have an 
Improved efficiency of light use, and prevent production 
of any cracks by the bumper member absorbing stress- 
es produced by a difference of thennal expansion coef- 
ficients of the light reflecting member and the mold resin, 
thereby preventing the malfunctions that a crack pro- 
duces to hinder light emitted from the optical element or 
entered Into the same, such as the rusting and deteri- 
ation for the light reflecting member and the optical ele- 
ment caused by steam or gas which deteriorate the re- 
liability 

[0015] The bumper member may have a soft layer 
having a low degree of hardness, a gas layer, a fluid 
layer or a cavity layer produced by shrinkage. The 
bumper member is desired to have a hardness of 50 or 
less as prescribed by the Japanese Industrial Standard 
JISK6249. 

[0016] Thus designed bumper member may ensure 
dissipation of stress produced by a difference of thermal 
expansion coefficients of the light reflecting member 
and the mold resin. 

[0017] The bumper member is desired to be config- 
ured to have a uniform or almost unifomri thickness, 
namely, substantially unifomi thickness. The thickness 
of the bumper member is desired to be ICQ pm or less, 
more preferably not less than 30 ^.m nor more than 1 00 
\im. 

[001 8] Thus designed bumper member may minimize 
the deviation of an emission direction of light which is 
caused by a difference of refractive Indexes of the mold 
resin and the bumper member, and optimize the center 
efficiency and the directive angle, thereby providing an 
optical device capable of affording variations in assem- 
bling. 

[0019] A plurality of the above-mentioned optical de- 
vices may be arranged to provide an optical device array 
of optical elements for an application to a light emission 
device of a thin and large scale type or a light receiving 
apparatus of a thin and large scale type which efficiently 
receives light entering into a front wall of the apparatus. 
[0020] As the above-mentioned optical device array 
Is coupled with optical elements, there may be provided 
an optical apparatus in which the optical elements are 
so disposed that light deviating from the predetemiined 
region in front of each of the optical elements and pass- 
ing between each of the optical element and an external 
to each of the optical devices is reflected more than once 
off of each of the boundary surface and the light reflect- 
ing member. 

[0021 ] According to this optical apparatus, there may 
be provided a light emitting apparatus of a thin and large 
scale type by employing light emitting elements com- 
posed of light emitting element chips or light emitting 
element modules in which the light emitting element 
chips are sealed by mold resins as the optical elements. 



or a light receiving apparatus of a thin and large scale 
type for receiving light entering into a front wall of the 
apparatus with good efficiency by employing light re- 
ceiving elements composed of light elements chips or 
5 light receiving element modules In which the light receiv- 
ing element chips are sealed by mold resins as the op- 
tical elements. 

[0022] According to a second aspect of this invention, 
there is provided an optical apparatus including an op- 

10 tical element and an optical device for the optical ele- 
ment to control a light path for emission light emitted 
from the optical element to an external or incident light 
entered from an external to the optical element, the op- 
tical device including a light reflecting member, a resin 

'5 member covering a light reflection surface of the light 
reflecting member, and a bumper member interposed 
between the light reflecting member and the resin mem- 
ber, in which the resin member includes a boundary sur- 
face for almost totally reflecting light deviating from a 

20 predetemrjined region in front of the optical element, and 
the boundary surface of the resin member or the light 
reflecting member is disposed so that light deviating 
from the predetermined region in front of the optical el- 
ement and passing between the optical element and an 

25 external to the optical device is reflected more than once 
with off of the boundary surface and the light reflecting 
member. 

[0023] The optical element of the optical apparatus 
may be a light emitting element composed of a light 

30 emitting element chip or a light emitting element module 
in which the light emitting element chip Is sealed by a 
mold resin. Thus constructed optical apparatus may 
provide a light emitting apparatus having good efficiency 
of light use and a protective function for preventing pro- 

35 duction of cracks caused by a difference of themial ex- 
pansion coefficients of the light reflecting member and 
the mold resin member. 

[0024] The boundary surface of the resin member 
may be designed to include a region where a total re- 

^0 flection point of the boundary surface for totally reflect- 
ing first light emitted from the light emitting element has 
the same location as that of a passing point of the 
boundary surface passed by second light which is emit- 
ted from the light emitting element and totally reflected 

^5 on a point of the boundary surface closer to the light 
emitting element than the total reflection point to be re- 
flected by the light reflecting member for emission ex- 
ternal to the apparatus. 

[0025] Thus designed boundary surface of the resin 
so member may omit any other light reflecting member 
near the boundary surface and avoid any interruption of 
light emission byanother light reflecting member, there- 
by improving the efficiency of light use with a simplified 
construction. 

55 [0026] This optical apparatus employing the light 
emitting element as the optical element may be modified 
to provide a light emitting apparatus which includes a 
plurality of light emitting elements composed of light 
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emitting element chips or light emitting element modules 
in which the light emitting element chips are sealed by 
a resin mold, and a plurality of optical devices controlling 
the light paths for emission light externally emitted from 
the light emitting elements. The optical devices each In- 
cludes a light reflecting member, a resin member cov- 
ering a light reflection surface of the light reflecting mem- 
ber, and a bumper member Interposed between the light 
reflecting member and the resin member, in which the 
resin member includes a boundary surface for almost 
totally reflecting light deviated from a predetermined re- 
gion in front of the light emitting element, and the bound- 
ary surface of the resin member or the light reflecting 
member is so disposed that light deviating from the pre- 
determined region In front of the light emitting element 
and passing from the light emitting element and external 
to the optical device is reflected more than once off of 
each of the boundary surfaces and the light reflecting 
member. 

[0027] A display component employing this light emit- 
ting apparatus may prevent development of cracks in 
the outdoors where a difference of heat and cold is In- 
tense, thereby providing a high luminous efficiency and 
a high reliability. 

[0028] In addition, a lamp light source consisting of 
this light emitting apparatus for automobile can maintain 
a high luminous efficiency and a high reliability in a se- 
vere temperature circumstance. An outdoor display in- 
strument employing the light emitting apparatus such as 
a traffic signal also can maintain a high luminous effi- 
ciency and a high reliability In the outdoors where differ- 
ence of heat and cold is intense, thereby improving its 
visual recognition and reducing the frequency of its 
maintenance. 

[0029] The optical element of the above-mentioned 
optical apparatus also may be a light receiving element 
that is a light receiving element chip or a light receiving 
element module in which the light receiving element chip 
is sealed by a mold resin. 

[0030] Thus constructed optical apparatus may pro- 
vide a light receiving apparatus having good efficiency 
of light use and a protective function for preventing pro- 
duction of cracks caused by a difference of thermal ex- 
pansion coefficients of the light reflecting member and 
the mold resin member. 

[0031 ] The light receiving apparatus may be designed 
to employ a boundary surface in the resin member which 
provides a first light path where first external light enter- 
ing through the boundary surface of the resin member 
to be reflected by the light reflecting member Is totally 
reflected on a total reflection point of the boundary sur- 
face to enter into the light receiving element, and a sec- 
ond light path where second external light entering 
through the total reflection point of the boundary surface 
to be reflected by the light reflecting member is totally 
reflected on a point of the boundary surface closer to 
the light receiving element than the total reflection point 
to enter into the light receiving element. 



[0032] Thus designed boundary surface of the resin 
member may omit any other light reflecting member 
near the boundary surface and avoid any interruption 
against light entry by another light reflecting member, 
5 thereby improving the efficiency of light use with a sim- 
plified construction, 

[0033] The optical element of the optical apparatus 
may be disposed near a min^or Image position of a focal 
point of the light reflecting member over the boundary 
10 surface of the resin member. This optical apparatus is 
useful for a light emitting apparatus which emits almost 
paralleled light or a light receiving apparatus whk;h re- 
ceives almost paralleled light. 

[0034] According to a third aspect of this Invention, 
15 there is provided a method for manufacturing an optical 
device for an optical element to control a light path for 
an emission light emitted externally from the optical el- 
ement or incident light entering extemal to the optical 
element, which includes the steps of putting a bumper 
20 member on a light reflecting member, and covering the 
light reflecting member with a resin member so that light 
deviating from a predetennined region in front of the op- 
tical element and passing between the optical element 
and external to the optical device is reflected more than 
25 once with each of the boundary surfaces and the light 
reflecting member. 

[0035] According to this manufacturing method, the 
location of the boundary surface of the resin member 
and the light reflecting member may be defined in a lo- 

30 cation for improving the efficiency of light use, and the 
bumper member may be easily disposed between the 
resin member and the light reflecting member. 
[0036] This method may be modified to Include an op- 
tical element. According to this modified method, there 

35 is provided a method for manufacturing an optical ap- 
paratus Including the optical element within the appara- 
tus to control a light path for emission light emitted ex- 
ternally from the optical element or incident light enter- 
ing from an external point into the optical element, which 

^0 includes the steps of putting a bumper member on a light 
reflecting member, and covering the optical element and 
the light reflection with a resin member so that light de- 
viating from a predetennined region in front of the optical 
element and passing between the optical element and 

^5 external to the optical apparatus is reflected more than 
once off of each of the boundary surfaces and the light 
reflecting member 

[0037] According to this modified manufacturing 
method, the location of the boundary surface of the op- 

50 tical element, the resin member and the light reflecting 
member may be defined in a location for improving the 
efficiency of light use, and the bumper member may be 
easily disposed between the resin member and the light 
reflecting member. 

55 [0038] According to a fourth aspect of this invention, 
there is provided a method for controlling a light path for 
emission light emitted externally from an optical element 
or Incident light entering from an external point into the 
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optical element in an optical apparatus including a light 
reflecting member and a resin member covering the light 
reflecting member provided with a boundary surface, 
which includes the steps of directing light deviating from 
a predetemiined region infront of the optical element 
and passing between the optical element and external 
to the optical apparatus to be reflected more than once 
off of each of the boundary surfaces and a light reflecting 
member, and directing the reflected light by the light re- 
flecting member to pass through a bumper member dis- 
posed on at least a portion of the light reflecting member. 
[0039] According to this control method, even when 
the bumper member for preventing the production of 
cracks in the mold resin member is disposed, a desired 
directional pattern can be obtained by the location of the 
optical element, the boundary surface of the resin mem- 
ber and the light reflecting member, and the arrange- 
ment, materials and thickness of the bumper member. 

IN THE DRAWINGS: 

[0040] Other objectives and advantages of this inven- 
tion will be more readily apparent from the following de- 
tailed description provided in conjunction with the fol- 
lowing figures, of which: 

Fig. 1 is a schematic sectional side view showing a 
major constituent of a light emission device accord- 
ing to a first embodiment according of this invention; 
Fig. 2 is a schematic sectional side view of a light 
emission device to explain a portion where a crack 
is produced in a mold resin of the device;, 
Fig. 3 shows a sectional side view of a light reflect- 
ing member to explain an effect by thermal shrink- 
age of the light reflecting member; 
Fig. 4 is a schematic side view of a mold resin to 
explain an effect by themial shrinkage of the mold 
resin; 

Fig. 5 is a partial perspective force diagram of a light 
reflecting member to explain forces applied to a 
mold resin by the light reflecting member; 
Fig. 6 is a view of a simulation of forces applied to 
the resin mold by the light reflecting member; 
Fig. 7 is a schematic sectional side view of a light 
reflecting member at an edge thereof disposed by 
a bumper member for preventing cracks in a mold 
resin, and illustrates light paths reflected by the re- 
flection member; 

Fig. 8 is a schematic sectional side view showing a 
majorconstitution of a light emission device accord- 
ing to a second embodiment of this invention; 
Fig. 9 is a schematic sectional side view of a light 
reflecting member having a bumper member dis- 
posed over a whole light reflection surface thereof 
for preventing cracks in a mold resin, and illustrates 
light paths reflected by the reflection member; 
Fig. 10 is an explanatory view of light paths In a light 
reflecting member disposed by a bumper member 



having different thickness at an edge and a center 
thereof; 

Fig. 11 is a graph showing a relationship between 
a thickness of a bumper member for crack proven - 
5 tion and center efficiency of an optical device ac- 
cording to this invention; 

Fig. 12 is a graph showing a relationship between 
a thickness of a bumper member for crack preven- 
tion and a directive angle of light emitted from a light 

^0 emitting element according to this invention; 

Fig. 13 is a sectional view of several light emission 
devices each composed of separated parts of an 
optical device and a light emitting element accord- 
ing to a third embodiment of this invention; 

^5 Fig. 14 is a sectional view of several light emission 
devices each including a light emitting element dis- 
posed on a light emission wall of a mold resin ac- 
cording to a fourth embodiment of this invention; 
Fig. 15 is a schematic perspective view of a light 

20 emission device according to this invention to ex- 
plain a manufacturing process of the device; 
Fig. 1 6 is a perspective view of a light emission de- 
vice array employing a plurality of optical devices 
arrayed in the device according to this invention; 

25 Fig. 1 7 is a schematic sectional side view of the light 
emission device array of Fig. 1 6; 
Fig. 1 8 is a perspective view of a display apparatus 
employing a plurality of optical devices according to 
this invention; 

30 Fig. 1 9 is a front view of a light emission display unit 
supported by a pole and employing a plurality of op- 
tical devices according to this invention; 
Fig. 20 Is a front view of the light emission display 
unit of Fig. 19; 

55 Fig. 21 is a side view of the light emission display 
unit of Fig. 19; 

Fig. 22 is a front view of a signal employing a plu- 
rality of optical devices according to this invention; 
Fig. 23 is a side view of the signal of Fig. 22; 

^0 Fig. 24 is a schematic view of a high mount stop 
lamp installed in a rear of an automobile, which em- 
ploys the optical devices according to this invention; 
Fig. 25 is a perspective view of a light emission de- 
vice employed in the high mount stop lamp of Fig. 

45 24; and 

Fig. 26 is a schematic sectional side view of a con- 
ventional light emitting apparatus. 

[0041] Referring, now, to Fig. 1, there is shown a 
50 schematic view of a light emitting apparatus or light 
emission device (an optical apparatus) as a first embod- 
iment of this invention. This light emission device in- 
cludes a light emitting element chip 11 such as a light 
emitting diode (LED), a semiconductor laser (LD) or the 
55 like, a lead frame 12 on a saucer portion of which the 
light emitting element chip 11 is die bonded, and another 
lead frame 13 connected with the light emitting element 
chip by a bonding wire 1 4. There are further disposed a 
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Hh\ reflecting member 15 around the lead frames 12 
: i 1 3, and a mold resin 1 6 sealing these members. 
: M2] In the light emission device, a direct emission 
• -:gion 1 7 fonning a convex lens having a spherical lens- 
snape, an aspherical lens shape, or paraboloid shape 
is disposed at a center of a light emission side of the 
mold resin 16, and the light emitting element chip 11 is 
located in a focal point of the direct emission region 17 
or its proximity. Accordingly, light emitted from the light 
emitting element chip 11 and directed to the direct emis- 
sion region 1 7 is fonwardly emitted approximately In par- 
auel from a front wall of the mold resin 16. 
[0043] A planar total reflection region 1 8 is formed 
around the direct emission region 17 to surround the 
same. The angle viewed from the element chip 1 1 which 
is made by an optical axis of the light emitting element 
chip 11 and a direction formed by a border between re- 
gions 17 and 18 is designed to be equal to the critical 
angle of total reflection between mold resin 16 and air, 
or larger than the same. Therefore, in the light emitted 
from the light emitting element chip 11 , light directed to 
the total reflection region 18 is totally reflected with 
boundary surface of mold resin 16, and further reflected 
by the light reflecting member 1 5 to be emitted forwardly 
from the total reflection region 18 as shown by arrow- 
marked light paths 19. 

[0044] In order to emit approximately parallel light as 
indicated in the light paths 1 9a and 1 9b, the light emitting 
element chip 11 is disposed in a focal point of the light 
reflecting member 15. In other words, since light in the 
light emission device of Fig. 1 is totally reflected by a 
boundary surface of the mold resin 1 6 as shown by the 
paths 19a and 19b, the light emitting element chip 11 
may be disposed at a mirror image location of the focal 
point location with respect to the boundary surface of 
the mold resin 16. 

[0045] As shown by light paths 1 9a and 1 9b crossing 
the total reflection region 18, the region 18 on the bound- 
ary surface of the resin member includes a region 10 
where a total reflection point of the boundary surface for 
totally reflecting first light (path 19a) emitted from the 
light emitting element chip 11 has the same location as 
that of a passing point of the boundary surface passed 
by second light (path 1 9b) which is emitted from the light 
emitting element chip 11 and totally reflected on a point 
of the boundary surface closer to the light emitting ele- 
ment chip 11 than the above-mentioned total reflection 
point to be reflected by the light reflecting member 15 
for the external emission of the light emission device. 
Since the total reflection of the boundary surface of the 
mold resin 1 6 is utilized, another light reflecting member 
is not necessary to be disposed on the boundary surface 
of the mold resin 16, and intenuption of light by such 
another reflection member may be prevented. 
[0046] Therefore, in the light emission device of this 
embodiment, most of the light emitted by the light emit- 
ting element chip 11 is emitted from direct emission re- 
gion 17 and total reflection region 18 being significance 



light, thereby providing the light emission device having 
good efficiency. 

[0047] In comparison with the case where an alumi- 
num evaporation film is employed as the light reflecting 
5 member 1 5, this light emission device employing a met- 
al member of a cun/ed plate as the light reflecting mem- 
ber may provide an easier to assemble construction at 
a greatly reduced cost, and prevent the accident where 
a crack appears in the evaporation film when the coef- 
10 ficients of thermal expansion are different between the 
resin mold and the evaporation film. 
[0048] Though the light emitting element chip 11 is 
disposed at a center of the light reflecting member 1 5 in 
this embodiment, it may be replaced with a light receiv- 
es ing element chip (1 1 ) such as a photo diode, a solar bat- 
tery or the like to receive external light entering from the 
front, thereby providing a light receiving device (optical 
apparatus shown in Fig. 1 ). The light receiving device 
includes a total reflection region 1 8 providing a light path 
20 19a (reversal of the arrow-marked light path in Fig. 1) 
where first external light entering through the boundary 
surface of the resin member 16 to be reflected by the 
light reflecting member 15 is totally reflected on a total 
reflection point (the location is indicated by reference 
25 mark 1 0 in Fig. 1 ) of the boundary surface so as to enter 
into the light receiving element chip 11 , and a light path 
19b (the reverse of the arrow-marked light path in Fig. 
1) where second external light entering through the 
above-mentioned total reflection point (location indicat- 
30 ed by reference mari< 1 0 of Fig. 1 ) of the boundary sur- 
face to be reflected by the light reflecting member 15 is 
totally reflected on a point of the boundary surface closer 
to the light receiving element chip 11 than the above- 
mentioned total reflection point to enter Into the light re- 
35 ceiving element chip 1 1 . 

[0049] This altemation were the light emitting element 
chip Is replaced with a light receiving element chip may 
be applied to the following embodiments described 
hereinafter. 

40 [0050] Thus constructed light emission device of Fig. 
1 Is further provided with a crack prevention structure. 
In the optical device composed of the light reflecting 
member 15 and the mold resin 16, there are inserted 
bumper members 23 (23a to 23f ) made of materials hav- 

45 ing a good transmission of light emitted from the light 
emitting element chip 11 and smaller hardness than that 
of the mold resin 1 6 when the respective members of 
the light emission device are sealed by the mold resin 
16. The bumper members 23 are disposed at the loca- 

50 tions 23a to 23f of the light reflecting member 1 5 where 
stresses are concentrated by a difference of themial ex- 
pansion coefficients of the light reflecting member 15 
and the mold resin 16, namely, stresses by the light re- 
flecting member 15, thereby dissipating any stresses 

55 produced by the difference of thermal expansion coeffi- 
cients of light reflecting member 15 and mold resin 16. 
[0051] In Fig. 2. there is shown a light emission device 
employing an optical device not provided with such 
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crack prevention structure in order to explain the loca- 
tions where cracks are produced in the nnold resin 1 6 of 
the optical device according to this invention. The light 
emission device of Fig. 2 Includes light emitting element 
chip 1 1 such as a light emitting diode (LED), a semicon- s 
ductor laser (LD) or the like, lead frame 12 on a saucer 
portion of which light emitting element chip 11 is die 
bonded, another lead frame 1 3 connected with the light 
emitting element chip by bonding wire 1 4, light reflecting 
member 1 5 around the lead frames 1 2 and 1 3, and mold 
resin 1 6 sealing these members. 
[0052] In the light emission device, a direct emission 
region 1 7 fonning a convex lens having a spherical lens- 
shape, an aspherical lens shape, or paraboloid shape 
is disposed at a center of a light emission side of the 
mold resin 16, and the light emitting element chip 11 is 
located at a focal point of the direct emission region 1 7 
or its proximity. Accordingly, the light emitted from light 
emitting element chip 11 and directed to emission region 
17 is forwardly emitted approximately in parallel from a 
front wall of the mold resin 16. 
[0053] A planar total reflection region 18 is formed 
around the direct emission region to surround the region 
1 7. The angle viewed from the element chip 1 1 which is 
made by an optical axis of the light emitting element chip 
11 and a direction formed by a border between regions 
17 and 18 is designed to be equal to the critical angle 
of total reflection between mold resin 1 6 and air, or larg- 
er. Therefore, as shown by light paths 1 9a and 1 9b, the 
light directed to total reflection region 1 8 In the light emit- 
ted from light emitting element chip 1 1 is totally reflected 
with boundary surface of mold resin 16, and further re- 
flected by the light reflecting member 16 to be emitted 
forwardly from the total reflection region 18 as shown by 
arrow-marked light paths. 

[0054] As shown by light paths 19a and 1 9b crossing 
total reflection region 18, the region 18 on the boundary 
surface of the resin member includes a region 1 0 where 
a total reflection point of the boundary surface for totally 
reflecting first light (path 1 9a) emitted from the light emit- 
ting element chip 11 has the same location as that of a 
passing point of the boundary surface passed by second 
light (path 1 9b) which is emitted from the light emitting 
element chip 11 and totally reflected on a point of the 
boundary surface closer to the light emitting element 
chip 11 than the above-mentioned total reflection point 
to be reflected by the light reflecting member 15 for ex- 
ternal emission from the apparatus. Since the total re- 
flection of the boundary surface of mold resin 16 Is uti- 
lized, another light reflecting member is not necessary 
to be disposed on the boundary surface of mold resin 
16, and interruption of light by such another reflection 
member may be prevented. 

[0055] Therefore, in the light emission device of Fig. 
2, most of the light emitted by the light emitting element 
chip 11 is emitted from the direct emission region 17 and 
the total reflection region 18 as being significant light, 
thereby providing the light emission devk^e having good 



efficiency. 

[0056] Though the light emitting element chip 11 is 
disposed at a center of the light reflecting member 15 In 
this device of Fig. 2, it may be replaced with a light re- 
ceiving element chip (1 1 ) such as a photo diode, a solar 
battery or the like to receive external light entering from 
the front, thereby providing a light receiving device. 
[0057] In this light emission device having the light re- 
flecting member 15 and the mold resin 16, the layer of 
the mold resin 16 becomes thinner as it approaches its 
edge portion. Accordingly, a thinned portion is produced 
in mold resin 16 by an acute angle portion of light re- 
flecting member 15 at the outer circumference portion 
20 of the member 1 5 shown in Fig. 2. Moreover, other 
thinned portions are produced on the reflection member 

15 near the lead frame 12 as shown by a circled mark 
21 , and near the lead frame 13. The coefficient of ther- 
mal expansion in a temperature change is 11 -1 5ppm for 
metals, but 70-1 OOppm for resins which is greatly differ- 
ent from that of metals, whereby direction of stress in 
expansion and shrinkage of metals is greatly different 
from that of resins. 

[0058] When temperature changes during the mold- 
ing of the mold resin 16, or the light emission device is 
used at the place where temperature change is large for 
example In an operating environment such as in a car 
where the temperature change is intense, the light re- 
flecting member 1 5 employs metals that cause the prob- 
lem in which a crack is liable to occur in the mold resin 

1 6 near light reflecting member 1 5 because stresses are 
concentrated on the thinned portions 20 and 21 of mold 
resin 1 6 by the difference of coefficients of thermal ex- 
pansion of the metals and resins and there exists an 
acute angle portion In the light reflecting member 15 at 
portion 21. 

[0059] Figs. 3 thru 6 illustrate possible causes of crack 
generation. Fig. 3 shows a direction of stress caused by 
a temperature change in the light reflecting member 1 5 
of Fig, 2. Fig. 4 shows stresses applied to the mold resin 
1 6 on an inner side of light reflecting member 1 5. Fig. 5 
shows stresses and entry of a crack at the thinned por- 
tion of mold resin 1 6 at an edge of light reflecting mem- 
ber 1 5. Fig. 6 is a simulation diagram of stresses in mold 
resin 1 6 near light reflecting member 15. 
[0060] As the temperature of a light reflecting member 
1 5 made of metal drops, forces are applied to the mem- 
ber 1 5 in a direction where the curvature becomes small 
as shown by arrow marks in Fig. 3(A), whereby the 
member 1 5 is liable to shrink to a configuration as shown 
in Fig. 3(B). On the other hand, the mold resin 16 at an 
inner side of light reflecting member 15 shrinks toward 
the center of gravity of a body made with mold resin 1 6 
as shown by an-ow marks in Fig. 4(A), and it is liable to 
shrink to a configuration shown in Fig. 4(B). Therefore, 
in the part that mold resin 16 is thinned at an edge of 
light reflecting member 15, the direction of shrinkage 
force S1 of light reflecting member 15 is different from 
the direction of shrinkage force S2 of mold resin 16 as 
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shown in Fig. 5(A), whereby a crack 22 is produced as 
shown in Fig. 5(B). 

[0061] Similar mechanical phenomenon also hap- 
pens at thinned portions of the mold at the light reflecting 
member 15 near lead frame 12 or 13. This is shown as 
a simulation in Fig. 6 it shows intensities 1 to 9 (a larger 
figure shows a larger intensity) of stresses applied to 
each location of mold resin 1 6 by lead frame 1 2 and light 
reflecting member 15 made of metal. 
[0062] In Fig. 6, strong stresses 7 to 9 are applied to 
the part corresponding to the portion 20 of mold resin 
16 shown in Fig. 2 which is thinned by acute angle por- 
tion of the outer circumference portion of light reflecting 
member 1 5, and to the part corresponding to the portion 
21 of mold resin 1 6 shown in Fig. 2 which is thinned near 
light reflecting member 15 and lead frame 12 or 13, 
whereby these parts are liable to produce a crack. The 
part applied by the strongest forces 8 and 9 is located 
on a concave wall of light reflecting member 1 5, viz., the 
light reflection side, and particularly liable to produce a 
crack. 

[0063] As such a crack is produced, the light at the 
crack in its advance direction is bent or emission be- 
comes impossible, thereby decreasing the forward light 
emission. Though light reflecting member 15 and light 
emitting element chip 11 are sealed with mold resin 16, 
they are rusted or deteriorated by steam or gas included 
in the air enter through the crack which lowers the reli- 
ability. 

[0064] Returning to Fig. 1 , the light emission device 
of the first embodiment including a crack prevention 
structure is advantageous. The structure is made by the 
bumper members 23a thru 23f disposed at portions 
where forces are concentrated by a difference of ther- 
mal expansion coefficients of the light reflecting member 
15 and the mold resin 1 6, and the bumper members are 
made of materials having a good transmission for light 
emitted from the light emitting element chip 11 and 
smaller hardness than that of the mold resin 1 6. 
[0065] The bumper members 23a thru 23f are desired 
to be disposed at force concentrated portions on a con- 
cave surface, viz. a light reflection side, of the light re- 
flecting member 15 where forces are most concentrat- 
ed. 

[0066] By having this construction, even if the light 
emission device is used in a place with large tempera- 
ture changes such that a molding resin of high-temper- 
ature of around 1 SO'^C that is Inserted for encapsulation 
In resin molding and the temperature drops to ordinary 
temperature and the device is exposed to high-temper- 
ature like an inside of a car in summer, the bumper mem- 
bers can dissipate the stresses produced by the differ- 
ence of quantity and directions of thermal contraction of 
light reflecting member 15 and mold resin 16, thereby 
preventing the mold resin 1 6 from crack. In addition, the 
bumper members 23 may rid the light reflecting member 
15 near the lead frames 1 2 and 1 3 of an edge of acute 
angle portions, thereby preventing any production of 



cracks in mold resin 16 by the edge. The bumper mem- 
bers 23 have only to be coated on the portion where 
stresses are concentrated, thereby simplifying the pro- 
duction process. 

5 [0067] The bumper members 23 may employ any ma- 
terials such as resin, Si, fluorine system coaling male- 
rials, gas, or liquid as far as its transmittance is good for 
light emitted by the light emitting chip 11 and its hard- 
ness is smaller than that of mold resin 16, and consist 

10 of a single layer or multiple layers. When a fluorine sys- 
tem coating materials are employed, an air space is pro- 
duced when the temperature of coat materials drops, 
providing the advantage that it may be used as it is. An 
air hollow layer produced by shrinkage of the mold resin 

^5 1 6 also may be used as the bumper member. In addition, 
about degree of hardness, a crack occurs in degree of 
hardness prescribed with the Japanese Industrial 
Standard JISK6249 when vulcanized rubber of 80 is em- 
ployed, but a good result is obtained when silicone rub- 

20 ber of 39 is employed. Therefore, the hardness of mbber 
is preferable to be 50 or less, more preferably 40 or less. 
[0068] The light emission device of this embodiment, 
however, has the disadvantage that when the bumper 
members are disposed in the force concentrated portion 

25 where cracks are liable to occur in the mold resin 16, 
the index of refraction of bumper members 23 is different 
from the index of refraction of moid resin 1 6, thereby 
altering the emission direction of light only at the bumper 
members. 

30 [0069] Fig. 7 shows light paths based on experimental 
values, wherein there are disposed a light reflecting 
member 1 5, a mold resin 1 6, a total reflection region 1 8, 
a bumper member 23, and a virtual light emitting ele- 
ment chip 28. Fig. 7 (A) shows when the bumper mem- 

35 ber 23 is disposed, and Fig. 7(B) shows when the bump- 
er member is not disposed. In Fig. 7, the light emitting 
element chip 11 of Fig. 1 is virtually represented by the 
virtual light emitting element chip 28 in a symmetric po- 
sition to the total reflection region 18 to simplify the ex- 

40 planation. 

[0070] In Fig. 7(B) where there is no bumpermember, 
the light going to a light path 29 from the virtual light 
emitting element chip 28 is designed to be reflected by 
light reflecting member 15 to be emitted from total re- 

45 flection region 1 8 with gradient of 8 degrees against the 
optical axis, and the light going to a light path 35 is de- 
signed to be emitted with gradient of 10.5 degrees 
against the optical axis. In Fig. 7(A) where the bumper 
member 23 employing silicon is disposed, the light going 

50 to the light reflecting member 1 5 in the same light path 
29 is refracted by bumper member 23 to be reflected 
back with light reflecting member 15, and further refract- 
ed when it leaves the bumper member 23. The reflected 
light is emitted from the total reflection region 1 8 with 

55 gradient of about 14 degrees against the optical axis, 
whereby It focuses on the optical axis direction. Accord- 
ingly, the light passing the bumper member 23 is greatly 
different from the light reflected by other portion than the 
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member 23 about their emission directions, thereby de- 
teriorating the efficiency of usage about the reflected 
light from the edge of the light reflecting member 15. 
[0071] In Fig. 8 there is shown a light emission device 
according to a second embodiment of this invention, In 
which a pair of bumper members 30 are disposed to cov- 
er the entire surface of a light reflecting member 15 in 
order to resolve the disadvantages of the first embodi- 
ment. The parts corresponding to those in the device of 
Fig. 1 are given the same reference symbols. The bump- 
er members 30 have a uniform or almost uniform thick- 
ness, and are disposed to cover the entire surface of 
light reflecting member 15, thereby refracting light with 
approximately same refraction degrees at the whole re- 
flection surface by bumper members 30, and avoiding 
the case were a reflection angle at a specified portion is 
greatly different from others as shown in Fig. 7(A). 
[0072] As described above, the index of refraction of 
bumper member 30 is different from that of mold resin 
16. Accordingly, the incident angles of light to the bump- 
er member 30 is different in the respective locations of 
the reflection surface thereof even if the bumper mem- 
ber 30 is equally disposed over all reflection surface, 
thereby causing emission angles of light to differ by the 
thickness of bumper member 30. Fig. 9 shows the re- 
sults of the emission angles examination when the thick- 
ness of this bumper member 30 is 1 00 ^im and 300 jim. 
A light reflecting member 15 of Fig. 9 is assumed that 
its curvature is the same as that of the light reflecting 
member 15 of Fig. 7(B), (when there is no bumper mem- 
ber 30, light is emitted from a total reflection region 18 
with path, completely the same as that of Fig. 7(B)). The 
light emission device Includes mold resin 16, total re- 
flection region 18, virtual light emitting element chip 28 
as shown in Fig, 7, and bumper member 30, wherein 
light passes through light paths 31 to 34. 
[0073] As silicon 1 00 microns(^im) in thickness is uni- 
formly coated on the surface of light reflecting member 
15 as shown in Fig. 9(A), light emitted from the virtual 
light emitting element chip 28 is refracted when it enters 
the bumper member 30 and refracted again when it is 
reflected back by light reflecting member 15 and ap- 
pears from bumper member 30 to be emitted from the 
total reflection region 18. The light directed to the light 
reflecting member 1 5 with path 31 in Fig. 9(A) similar to 
the path 35 near the optical axis in Fig. 7(B) is emitted 
from the total reflection region 1 8 with a gradient of 1 0.5 
degrees, the same as Fig. 7(B), from optical axis. The 
light directed to the light reflecting member 15 through 
the path 32 in Fig. 9(A), the same as the path 29 in Fig. 
7(B), is emitted from the total reflection region 18 with 
gradient of 8.2 degrees though it is emitted with 8 de- 
grees in Fig. 7(B), thereby producing difference of 0.2 
degree between both gradients. 
[0074] When silicon 300 microns(p.m) in thickness is 
unifonnly coated on the surface of light reflecting mem- 
ber 15 as shown in Fig. 9(B), the light directed to the 
light reflecting member 15 through the path 33 of Fig. 9 



(B), similar to the path 35 near the optical axis of Fig. 7 
(B), is emitted from the total reflection region 18 with 
gradient of 10,8 degrees from the optical axis, thereby 
producing difference of 0.3 degree from the gradient of 

5 path 35. The light directed to the light reflecting member 
15 through the path 34 in Fig. 9(B), similar to the path 
29 of Fig. 7(B), Is emitted from the total reflection region 
18 with gradient of 8.4 degrees from the optical axis, 
thereby producing difference of 0.4 degree from the gra- 

10 dient of the path 29. 

[0075] Thus, there is not produced any big difference 
in the directions of light emitted from the total reflection 
region 18 when the bumper member 30 is unifonnly 
coated on the light reflecting member 15 even if the 

^5 thickness of the layer is 100 jim or 300 |im. As a practical 
matter, however, It is difficult to coat silicon over all sur- 
face of the light reflecting member 15 in completely uni- 
form thickness. As shown in Fig. 10, bumper members 
36 and 37 are generally so coated that they are thick at 

20 their central portions and thin at their external and inner 
edges due to surface tension, wherein the thickness of 
the bumper members is assumed to be 300 ^im in Fig. 
10(A) and 100 ^un in Fig. 10(B). 
[0076] When a virtual light emitting element ch ip 28 is 

25 assumed to represent the light emitting element chip 1 1 
to be located in Its symmetric position with the total re- 
flection region 1 8 and the thickness of the bumper mem- 
ber is 300 \im as shown in Fig. 10(A), this produces a 
gap of about 2.1 degrees in the light path 38 directed to 

30 the thinned portion at peripheral of the light reflecting 
member 15 in comparison with the ejecting direction of 
the bumper member having the 300 [im thickness, and 
a gap of about 1 .5 degrees In the light path 39 directed 
to the inner edge. When the bumper member is 1 00 fxm 

35 in thickness as shown in Fig. 1 0(B), this produces a gap 
of about 0.6 degree in the light path 38 directed to the 
peripheral of the light reflecting member and a gap of 
about 0.5 degree in the light path 39 directed to the inner 
edge, thereby lowering both gaps below 1 degree, Ac- 

^0 cordingly. the thickness of the bumper member is desir- 
able to be 1 00 \im or less in order to keep the gaps at 1 
degree or less by the bumper member in the light emit- 
ting direction. 

[0077] Figs. 11 and 12 are graphs showing examina- 
45 tion results of center efficiency against a thickness of a 
bumper member (coating thickness), and a spread an- 
gle of light emitted from the optical device (directive an- 
gle) . In Fig. 11 , the abscissa represents the thickness of 
the bumper member (coating thickness)and the ordi- 
50 nate represents center efficiency. The center efficiency 
represents a ratio of quantity of light entering within a 
circle having its center at the optical axis in a predeter- 
mined space apart from the optical device assuming that 
all quantity of light emitted from the optical device Is 
55 1 00%; and Fig. 11 exemplarily shows a ratio of a quan- 
tity of light entering within ^ 8.4mm on an irradiation wall 
at 120mm spaced-apart from the light emission device. 
In Fig. 12, the abscissa represents the thickness of the 



9 



BNSOOCID: <EP.._ 1 193773A2 l„> 



17 



EP1 193 773 A2 



18 



bumper member (coating thickness), the ordinate rep- 
resents a directive angle. The directive angle represents 
a spread angle of light beams emitted from the optical 
device; namely, an angle of an in-adiated region having 
a predetemf>ined ratio against the brightest point in an 
irradiated wall, and Fig. 12 shows an angle of an irradi- 
ation region where the predetermined ratio is 50% (half), 
[0078] MAX and MIN in Figs. 1 1 and 1 2 represent the 
maximum values and the minimum values of the center 
efficiencies and the directive angles respectively when 
component allowance (variation) and assembly allow- 
ance are considered in an ideal assembly state (design 
values) by the bumper member having a certain thick- 
ness (coating thickness). Accordingly, Fig. 11 shows the 
maximum value of 2.7% and the minimum value of 1 .3% 
when the thickness of bumper member (coating thick- 
ness) is 50 p.m, and the center efficiency is varied within 
this range. 

[0079] As shown in Fig. 11 , the minimum value MIN 
of the center efficiency is almost constant when the 
thickness of the bumper member, namely, the coating 
thickness is between 0 jim and 150 jim. The maximum 
MAX of the center efficiency is constant when the coat 
thickness is between 30 jim and 100 ^m, but higher In 
other thickness where light gathers at the center, where- 
by the coating thickness is desired to be designed be- 
tween 30 Jim and 100 urn. In Fig. 12, the maximum and 
minimum values MAX and MIN of the directive angles 
are within variation of 2 degrees when the thickness of 
the bumper member (coating thickness) is between 30 
^m and 1 00 \l, but the minimum value is smaller when 
the thickness Is larger than 1 00 \in\ where light tends to 
focus in the center, whereby the thickness of the bumper 
member (coating thickness) is desired to be designed 
between 30 \xm and 1 00 \irr\. 

[0080] The thickness of the bumper member or coat- 
ing thickness is predicted to have a fluctuation of 20 \irr\ 
with dispersion or environmental conditions in manufac- 
turing, and its strict manufacturing control is difficult. Ac- 
cordingly, it is desirable to control the fluctuation of the 
center efficiency and the directive angle to be equal to 
or less than ± 1 0% even if the coating thickness fluctu- 
ates to some extent. In Figs. 1 1 and 1 2, this condition is 
satisfied by the maximum values and the minimum val- 
ues when the coating thickness is between 30 p^m and 
1 00 pm. Thus, there may be provided a bumper member 
having a little influence to optical characteristics when 
the coating thickness is between 30 \im and 100 ^m. 
[0081] The foregoing embodiments have described 
the crack prevention structure of the resin mold of the 
optical device for the optical element according to this 
invention, but the optical device may be so modified that 
the thus constructed optical device having the light re* 
fleeting member and the mold resin is coupled with a 
separate light emitting element module in which a light 
emitting element is sealed by mold resin without having 
thus constructed optical device as shown in Fig. 13. 
[0082] Fig. 13(a) thru (f) shows as a third embodiment 



of this invention variations of an optical device including 
a light reflecting member 1 5 and a mold resin 16 sealing 
the reflection member which is coupled with a separate 
device of a light emitting element module including a 

5 light emitting element chip 1 1 , wherein a bumper mem- 
ber is coated on a portion of the resin mold where stress- 
es are concentrated, or a concave wall side or a whole 
surface of the light reflecting member as described In 
the foregoing embodiments. 

10 [0083] In Fig. 13(a), a light emitting element module 
40 of a surface mounted type Is housed within an optical 
device provided with a light reflecting member 15 and a 
mold resin 16. As described referring to Figs. 1 and 8, 
light from the light emitting element chip 11 is emitted 

15 from a direct emission region 17 and a total reflection 
region 1 8 which is designed to totally reflect the emitted 
light to be reflected by the light reflecting member 1 5 for 
external emission from the optical device. This construc- 
tion may provide a light emission device having a high 

20 efficiency of light use and crack prevention, like an op- 
tical device including a light emitting element therein. 
[0084] Fig. 13(b) shows another modification of the 
optical device including light reflecting member 15 and 
mold resin 16 for a light emitting element, which has a 

25 doughnut configuration having a cannonball-shaped 
light emitting element module 41 inserted within its cen- 
tral hole. The light toward a total reflection region 18 
emitted from light emitting element chip 11 is totally re- 
flected by the region to be fonwarded toward the light 

30 reflecting member 1 6 for forward emission from the re- 
flection region. 

[0085] Fig. 13(c) shows still another modification of 
the optical device Including light reflecting member 15 
and mold resin 16 for a light emitting element. The op- 
35 tical device has a doughnut configuration with a convex 
lens portion of a light emitting element module 42 having 
the lens portion at a forward position of light emitting 
element chip 11. 

[0086] Fig. 13(d) shows still another modification of 

40 the optical device including light reflecting member 15 
and mold resin 16. The optical device includes a direct 
emission region 17 and a rear inner wall that is molded 
to accommodate a cannonball-shaped light emitting el- 
ement module 43. 

45 [0087] In Fig. 13(e). there is shown still another mod- 
ification, in which the optical device of Fig. 13(a) Is cou- 
pled with a light emitting element module 44 similar to 
the light emitting element module 42 of Fig. 13(c), there- 
by providing same advantages as those of the device of 

50 Fig. 13(a). In Fig. 13(f), there is shown still another mod- 
ification, in which an optical device at a rear wall thereof 
having a planar surface is coupled with a light emitting 
element module 45 at a front wall thereof having a planar 
surface, thereby providing same advantages as those 

55 of the device of Fig. 13(a). 

[0088] Though the light emitting element chip 1 1 is lo- 
cated at a side of the light reflecting member 15 in the 
above-described embodiments, the element chip 11 
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may be modified to be located at an inner side of a light 
emission wall of the mold resin 16 as shown in Fig. 14 
(a). In this modification, the light emitting element chip 
1 1 1s sealed by the mold resin 1 6 at a part of a concave 
wail of the light reflecting member 15, thereby causing 
a crack in the mold resin 16 at an edge portion of the 
member 15 as described above. 
[0089] Such a crack, however, may be avoided by em- 
ploying a bumper member 46 disposed at an edge por- 
tion of the light reflecting member 15 to be sealed by 
mold resin 1 6 as shown in Fig. 14(b), or a bumper mem- 
ber 47 disposed over entire surface of a concave wall 
of the light reflecting member 1 5 as shown in Fig. 1 4(c). 
[0090] Though the optical device is coupled with the 
light emitting element composed of a light emitting ele- 
ment chip or a light emitting element module sealed by 
a mold resin in the foregoing embodiments, it may be 
modified to be coupled with light receiving element com- 
posed of a light receiving chip or a light receiving ele- 
ment module sealed by a mold resin, such as a photo- 
diode, a solar battery or the like. Instead of the light emit- 
ting element as described above, thereby providing a 
light receiving device (optical apparatus) efficiently re- 
ceiving light entering through a front wall thereof. This 
optical apparatus also may employ a coating of bumper 
materials disposed on a portion of a resin mold where 
stresses are concentrated or on a concave portion or 
entire surface of a light reflecting member, thereby pre- 
venting any cracks in the resin mold, gathering entire 
light entering onto the light reflecting member to be ap- 
plied to the light receiving element, and further prevent- 
ing the disadvantage such as reduction of reliability by 
rusting or deterioration of the light reflecting member or 
the light receiving element by steam and gas. 
[0091] In the foregoing embodiments, there are de- 
scribed several optical apparatuses such as light emis- 
sion devrces or light receiving devices wherein an opti- 
cal element of a light emitting element or a light receiving 
element is disposed or sealed at a predetermined loca- 
tion of an optical device. A method of manufacturing the 
optical apparatus will be described hereinafter assum- 
ing a light emission device wherein a light emitting ele- 
ment chip is sealed at a predetermined location of an 
optical device. 

[0092] Fig. 1 5(a) thru (c) shows an example of man- 
ufacturing a light emission device wherein a light emit- 
ting element chip is sealed at a predetermined location 
in an optical device. A metal mold 24 is provided with a 
cavity 25 for manufacturing the light emission device, 
and the cavity 25 at a bottom wall thereof is provided 
with a pattem face 26 for forming a total reflection region 
18 and a pattern face 27 for fomiing a direct emission 
region 17. 

[0093] Prior to manufacturing the light emission de- 
vice, a light reflecting member 15 in a predetermined 
location in which a bumper member 23 is disposed is 
produced beforehand. Like the light reflecting member 
15 of Fig. 1, a bumper member 23 made of materials 



having a good transmission for light emitted from the 
light emitting element chip 1 1 and smaller hardness than 
that of the mold resin 16 is disposed on a location of a 
force concentrated portion of a boundary zone of light 
5 reflecting member 1 5 and mold resin 1 6. 

[0094] Next, as shown in Fig. 15(a), the light reflecting 
member 1 5 provided with the bumper member 23 is in- 
serted into the cavity 25. Since the external diameter of 
the light reflecting member 15 is almost equal to the in- 
side diameter of the cavity 25, the light reflecting mem- 
ber 1 5 can be positioned within the cavity 25 by putting 
the light reflecting member on a bottom wall of the cavity 
26. 

[0095] In Fig. 1 5(b), there is shown a component In- 
cluding a light emitting element chip 11 die bonded on 
a saucer part of a lead frame 12. and a lead frame 13 
connected with the light emitting element chip 11 by a 
bonding wire 14, which is produced in another process 
beforehand. As shown in Fig. 15(b), the component is 
put within the cavity 25 positioning the light emitting el- 
ement 1 1 downward, and the lead frames 1 2 and 1 3 are 
supported to fix the light emitting element chip 11 at a 
predetermined position within the cavity 25. 
[0096] In this situation, a mold resin 16 is injected 
within the cavity 25 to insert the light emitting element 
chip 11 and the light reflecting member 15 within the 
mold resin to produce a direct emission region (corre- 
sponding to region 17 of Fig. 1) and a total reflection 
region (corresponding to region 18 of Fig. 1) as shown 
in Fig. 1 5(c). As the injected mold resin 1 6 is cooled and 
stiffened, it Is taken out from the cavity 25 to produce 
the light emission device. 

[0097] According to this manufacturing process, the 
light emitting element chip 11 , the boundary surface of 
the resin 16, and light reflecting member 15 are easily 
positioned so that the light directed to the total reflection 
region 1 8 in the light emitted from light emitting element 
chip 1 1 is totally reflected by the boundary surface of the 
resin 16, and further reflected by the light reflecting 
member 15 to be emitted forward from the total reflec- 
tion region 18 as shown by the light path 19 of Fig, 1 , 
and the bumper member 23 may be easily disposed in 
a boundary zone of the resin member and the light re- 
flecting member, thereby mass-producing lightemission 
devices each having a high light use efficiency and little 
occun-ence of any crack. 

[0098] This manufacturing method may be applied to 
a method for manufacturing an optical device itself by 
inserting a mold for forming a recess or a flat portion for 
accommodating light emitting element modules 40 to 45 
of Fig. 13 instead of putting lead frames 12 and 13 
mounted by light emitting element chip 1 1 within the cav- 
ity 25 in Fig. 15(b). 

[0099] This manufacturing method also may be mod- 
ified to manufacture a light receiving device by employ- 
ing a mold for a light receiving element chip or a light 
receiving element module instead of the mold for the 
light emitting element chip 11 or the light emitting ele- 
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ment modules 40 to 45. 

[0100] The optical device for an optical element and 

the optical apparatus employing the optical device in the 
foregoing embodiments are useful for an optica! appa- 
ratus, such as a display device, a light source for car 
installation, or an outdoor display instrument, which is 
exposed in a bad environment of installation such as 
outdoors having Intense difference of heat and cold or 
inside of an automobile where it is considerably high 
temperature In summer. Several applications of the op- 
tical device will be described hereinafter in conjunction 
with Figs. 16 thru 25. 

[0101 J Fig. 1 6 is a perspective view of a light emission 
device array 50 (optical apparatus) including an optical 
device array 54 having a plurality of optical devices, 
such as the optical device shown in Fig. 13(a), disposed 
in an array fashion, and Fig. 17 is a sectional side view 
of the array 50. A plurality of light emitting elements 53 
composed of a plurality of light emitting element chips 
or a plurality of light emitting element modules sealing 
the light emitting element chips by resins are arranged 
at predetennined intervals on a circuit board 52 dis- 
posed on a pedestal base 51 , and the optical device ar- 
ray 54 is put on the light emitting elements 53 to provide 
a plurality of light emission devices 57. In the optical de- 
vice array 54 there are disposed direct emission regions 
55 and light reflecting members 56 at the same intervals 
as those of the light emitting elements 53. The respec- 
tive light emission devices 57 arranged at the predeter- 
mined intervals in the light emission device array 50 are 
designed to be individually energized for displaying var- 
ious patterns. The optical device in Figs. 16 and 1 7 em- 
ploying the optical device of Fig. 13(a) may be modified 
to employ any one of light emission devices shown In 
Fig, 13(b) thru (f) and Figs. 1 , 8 and 14. 
[0102] Fig. 1 8 shows a perspective view of a display 
device 60 as an optical apparatus employing a plurality 
of light emission devices 61 each including an optical 
device and a light emitting element composed of a light 
emitting element chip or module according to this inven- 
tion. In the display device 60, a plurality of light emission 
devices 61 are arranged in a matrix or honeycomb fash- 
ion and each light emission device 61 is designed to in- 
dividually flashed to display various patterns. The dis- 
play device 60 of Fig. 18 employs a stand, but may be 
modified to be hanged on an inner wall or an outer wall 
of a housing or building. 

[0103] Fig.1 9 is a front view of a light emission display 
apparatus 71 including a plurality of light emission de- 
vices each composed of an optical device for a light 
emitting element and a light emitting element including 
a light emitting element chip or module according to this 
invention, which is supported by a pole 70. Fig. 20 
shows a light emission display unit 72 providing the dis- 
play apparatus 71 , and Fig. 21 shows a side view of the 
display unit 72. The light emission display apparatus 71 
Is composed of light emission devices 73 for displaying 
characters or Illustration to inform drivers of traffic road 



conditions or weather reports. As shown in Fig. 21 , the 
light emission devices 73 are mounted on a substrate 
74 which is put between a base plate 75 and a cover 
plate 76, and each light emission device 73 is exposed 

5 thorough a hole in the cover plate 76. The light emission 
devices 73 are disposed on the substrate 74 in a suitable 
pattern so as to emit suitable color light in accordance 
with marks or characters to be displayed. 
[0104] Fig. 22 shows a front view of a signal 80 as an 

10 optical apparatus including a plurality of light emission 
devices 57 each having an optical device and a light 
emitting element composed of a light emitting element 
chip or module according to this invention. The signal 
80 is provided with signal lamps 81 R, 81 Y and 81 G for 

15 red, yellow and green colors. Fig. 23 shows a side view 
of the signal 80 at an upper portion thereof including a 
hood covering the signal lamps. As shown in Fig. 17, in 
each of the signal lamps 81 R, 81 Y and 81 G, many light 
emission devices 57 of the corresponding light emission 

20 color are mounted on a substrate 52 to be housed within 
a casing a front of which is covered with a milk-white or 
a semitransparent cover 

[0105] Fig.24 is aperspective view of a high mount 
stop lamp 91 employing a plurality of light emission de- 
25 vices 90 of an elliptical type as shown in Fig. 25 which 
are aligned in a line on a long sideways substrate 92. 
The light emission device 90 includes an optical device 
and a light emitting element composed of a light emitting 
element chip or module according to this invention. 
30 [01 06] The light emission device 90 for the high mount 
stop lamp has a same construction as that of the light 
emission device of Fig. 1 . 8, 1 3 or 1 4, but a disc-shaped 
light reflecting member 1 5 is Inserted within a mold resin 
1 6 by downwardly bending both ends of the member 1 5 
35 because the whole configuration of the device 90 has a 
long front wall sideways such as ellipse, oval or rectan- 
gle. The devices 90 are mounted on the substrate 92 so 
that the major axis directions of the devices are parallel 
with a length direction of the substrate. 
"to [0107] The high mount stop lamp 91 is installed in an 
inside of a rear window 94 of a vehicle 93. When a driver 
of the vehicle 93 steps on a brake pedal, all light emis- 
sion devbes 90 illuminates at once to alarm any follow- 
ing vehrcles. When the high mount stop lamp 91 em- 
^5 ploys such light emission devices 90 long sideways, ob- 
long light is emitted with good efficiency. In addition, the 
number of necessary light emission devices 90 may be 
reduced by making each light emission device 90 ob- 
long, thereby reducing the manufacturing cost of the 
50 high mount stop lamp 91 . 

[0108] Thus, according to this invention, any stress 
produced by a difference of thennal expansion coeffi- 
cients of a light reflecting member and a resin mold Is 
absorbed by a bumper member to avoid production of 
55 any cracks, thereby preventing any production of a re- 
gion where light cannot be emitted forwardly by a crack, 
and further preventing such a disadvantage such as re- 
duction of reliability by msting or deterioration of the light 
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reflecting member or the light receiving element by 
steam or gas. Accordingly, there may be provided an 
optical device for a light element useful for a display de- 
vice exposed in a bad environment of installation such 
as outdoors having Intense difference of heat and cold 
or inside of an automobile where it is considerably high 
temperature in summer, 

[0109] This bumper member is designed to have a 
unifonn or near unlfomi thickness equal to 100 \im or 
less, thereby minimizing the deviation of directions of 
light by difference of indexes of refraction of the bumper 
member and the resin mold and optimizing the center 
efficiency and the directive angle to provide an optical 
device having good efficiency about Its assembling 
which can resolve variations appearing on assembling. 
[0110] The dimensions, materials, configurations, the 
relative arrangements of components described in the 
foregoing embodiments are only simple demonstrative 
examples rather than a purpose to limit the field of this 
invention as far as not particularly specified. According- 
ly, while in the foregoing specification this invention has 
been described in relation to certain prefen-ed embodi- 
ments thereof, and many details have been set forth for 
purpose of illustration, it will be apparent to those skilled 
in the art that the invention is susceptible to additional 
embodiments and that certain of the details described 
can be varied considerably without departing from the 
basic principles of this. 



Claims 

1 . An optical device for an optical element to control a 
light path for emission light emitted from the optical 
element or incident light entering the optical ele- 
ment, comprising 

a light reflecting member, 

a resin member covering a light reflection sur- 
face of said light reflecting member, and 

a bumper member interposed between said 
light reflecting member and said resin member, 

said resin member including a boundary sur- 
face for almost totally reflecting light deviated from 
a predetennlned region In front of said optical ele- 
ment, said boundary surface of the resin niember 
or said light reflecting member being so disposed 
that light deviating from said predetermined region 
in front of said optical element and passing between 
said optical element and external to said optical de- 
vice is reflected more than once off of each of said 
boundary surface and said light reflecting member 

2. An optical device according to claim 1 , in which said 
resin member further includes a lens portion for 
emitting or collecting light reaching said predeter- 
mined region in front of said optical member 

3. An optical device according to claim 1 , in which said 



bumper member is disposed on a concentrated por- 
tion of stresses produced by the thermal expansion 
or shrinkage of said light reflecting member and 
said resin member. 

5 

4. An optical device according to claim 1 , in which said 
bumper member is disposed at least on a light re- 
flection surface of said light reflecting member 

10 5. An optical device according to claim 1 , in which said 
bumper member is a soft layer having low degree 
hardness, a gas layer, a fluid layer or a cavity layer 
produced by shrinkage. 

15 6. An optical device according to claim 1 , in which said 
bumper member has hardness of 50 or less pre- 
scribed with JISK6249. 

7. An optical device according to claim 1 , in which said 
20 bumper member is configured to have a uniform or 

almost unifonn thickness. 

8. An optical device according to claim 1 , in which said 
bumper member has a thickness of 1 00\m or less. 

25 

9. An optical device according to claim 1 , in which said 
bumper member has a thickness of not less than 
SO^m nor more than 100M.m. 

30 10. An optical device array having a plurality of said op- 
tical devices according to claim 1 arranged in the 
an'ay. 

1 1 . An optical apparatus including the optical device ar- 
35 ray according to claim 10 and optical elements, in 

which said optical elements are so disposed that 
light deviating from said predetemnined region in 
front of each of said optical elements and passing 
between each of said optical element and external 
40 to each of said optical devices Is reflected more than 
once off of each of said boundary surface and said 
light reflecting member 

12. An optical apparatus including an optical element 
45 and an optical device for the optical element to con- 
trol a light path for emission light emitted from the 
optical element or incident light entering the optical 
element, said optical device comprising 

a light reflecting member, 
a resin member covering a light reflection sur- 
face of said light reflecting member and 

a bumper member interposed between said 
light reflecting member and said resin member, 
said resin member including a boundary sur- 
55 face for almost totally reflecting light deviated from 
a predetennined region in front of said optical ele- 
ment, said boundary surface of the resin member 
or said light reflecting member being so disposed 
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that light deviating from said predetermined region 
in front of said optical element and passing between 
said optical element and external to said optical de- 
vice is reflected more than once off of each of said 
boundary surface and said light reflecting member s 

13. An optical apparatus according to claim 12, in which 
said optical element Is a light emitting element com- 
posed of a light emitting element chip or a light emit- 
ting element module in which said light emitting el- 
ement chip is sealed by a mold resin. 

14. An optical apparatus according to claim 13, in which 
said boundary surface of the resin member Includes 
a region where a total reflection point of said bound- 
ary surface for totally reflecting first light emitted 
from said light emitting element has the same loca- 
tion as that of a passing point of said boundary sur- 
face passed by second light which Is emitted from 
said light emitting element and totally reflected on 
a point of said boundary surface closer to said light 
emitting element than said total reflection point to 
be reflected by said light reflecting member for 
emission to an external of the apparatus. 

15. An optical apparatus according to claim 12, in which 
said optical element is a light receiving element 
which is a light receiving element chip or a light re- 
ceiving element module in which the light receiving 
element chip is sealed by a mold resin. 

16. An optical apparatus according to claim 15, includ- 
ing a first light path where first external light entering 
through said boundary surface of the resin member 
to be reflected by said light reflecting member is to- 
tally reflected on a total reflection point of said 
boundary surface to enter into said light receiving 
element, and a second light path where second ex- 
ternal light entering through said total reflection 
point of the boundary surface to be reflected by said 
light reflecting member is totally reflected on a point 
of said boundary surface closer to said light receiv- 
ing element than said total reflection point to enter 
into said light receiving element. 

17. An optical apparatus according to claim 1 2, In which 
said optical element is disposed near a mirror image 
position of a focal point of said light reflecting mem- 
ber over said boundary surface of the resin mem- 
ber. 

18. A method for manufacturing an optical device for an 
optical element to control a light path for emission 
light emitted from the optical element or incident 
light entering the optical element, the method com- 
prising the steps of 

putting a bumper member on a light reflecting 
member, and 



covering said light reflection with a resin mem- 
ber so that light deviating from a predetemnined re- 
gion In front of said optical element and passing be- 
tween said optical element and externalto said op- 
tical device Is reflected more than once off of each 
of said boundary surface and said light reflecting 
member. 

19. A method for manufacturing an optical apparatus 
including an optical element within the apparatus to 
control a light path for emission light emitted from 
the optical element or incident light entering the op- 
tical element, the method comprising the steps of 

putting a bumper member on a light reflecting 
member, and 

covering said optical element and said light 
reflecting member with a resin member so that light 
deviating from a predetemnined region in front of 
said optical element and passing between said op- 
tical element and external to said optical apparatus 
is reflected more than once off of each of said 
boundary surface and said light reflecting member. 

20. A method for controlling a light path about emission 
light emitted from an optical element or Incident light 
entering the optical element in an optical apparatus 
including a light reflecting member and a resin 
member covering the light reflecting member pro- 
vided with a boundary surface, the method compris- 
ing the steps of 

directing light deviating from a predetermined 
region In front of said optical element and passing 
between said optical element and an external of 
said optical apparatus so as to be reflected more 
than once off of each of said boundary surface and 
a light reflecting member, and 

directing light reflected by said light reflecting 
member to pass through a bumper member dis- 
posed on at least a portion of said light reflecting 
member. 

21. An optical apparatus including a plurality of light 
emitting elements composed of light emitting ele- 
ment chips or light emitting element modules In 
which said light emitting element chips are sealed 
by mold resins, and a plurality of optical devices 
controlling light paths for emission light emitted from 
said light emitting elements, said optical devices 
each comprising 

a light reflecting member, 

a resin member cpvering a light reflection sur- 
face of said light reflecting member and 

a bumper member interposed between said 
light reflecting member and said resin member, 

said resin member including a boundary sur- 
face for almost totally reflecting light deviated from 
a predetermined region in front of said light emitting 
element, said boundary surface of the resin mem- 
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ber or said light reflecting member being so dis- 
posed that light deviating from said predetermined 
region in front of said light emitting element and 
passing from said light emitting element to external 
to said optical device is reflected more than once 5 
off of each of said boundary surface and said light 
reflecting member. 
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